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SYN O PSIS
The world-wide development of electric energy production based on coal-rfired power
plants has brought with it a troublesome problem of disposal of the ash produced in the burning
operation. The enormous masses of ash have to be disposed of in the form of slurry in artificial
storage reservoirs (lagoons). The description of some physical and engineering properties of lagoon
ash deposits is presented. Some examples of investigation of soil and water pollution because of
piping failures and seepage of the ponded water are presented and discussed.

IN TRODUCTION

The problem of the handling and disposal of mi
ning and industrial waste was dramatically
brought to professional engineers attention by
a number of major disasters in the last 15 years
i.e.: the catastrophic failures in 1965 of Chi
lean copper mill tailings dams, which resulted
from a major earthquake and killed more than
200 people, - the failure in 1965 of 5 3 m high
ash and chemical refuse dam Novaky in Czecho
slovakia, because of which 28 mln m 3 of uncon
solidated tailings flowed out and caused the
tremendous property damage, - the disaster at
Aberfan in South Wales in 1966, when a slide of
the colliery waste tip resulted in the loss of
144 lives, - the copper mill tailings dam that
failed in 1967 at Iwiny in Poland, causing the
loss of 18 lives and the failure of a coal mine
refuse embankment in 1972 on Buffalo Creek in
West Wirginia, which killed 125 people.
With the reminder of the loss of life and pro
perty caused by the catastrophic failures the
need for a high standard of engineering design
of waste products disposal structures is evident.
The world-wide development of pulverised coal
firing in the production of electricity has
permitted the use of coals that could not be
economically fired by other methods. However,
this development has brought with it a difficult
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and troublesome probleme of ash disposal and
utilization, the production of which is steadily
increasing with the increase of coal-fired gene
rating capacity.
Total fly- and bottom ash production in Poland
will continue to increase from 2.5 mln t in 1960
to more than 50 mln t in 1990, i.e. more than
20-fold. Although the efforts are being made to
increase fly ash utilization, the major portion
of this waste product is still being dumped and
will be dumped in the foreseeable future. Col
lected fly ash most often is pumped in the form
of a slurry to the storage lagoons, where it
settles out. The economic requirement led to
the development of the commonly used in Poland
upstream method of ash lagoon construction with
the use of compacted fly ash for embankments.
The method normally involved the construction
of an initial dike of permeable natural soil.
The fly ash slurry is discharged by spigotting
off the top of the initial dike. This forms a
gently sloping beach where the coarsest fraction
settles near the point of discharge and the fine
fraction, mostly silt, is deposited progressive
ly toward the centre of the disposal area. When
the initial pond was nearly filled, the dike
was raised by borrowing coarse material from
the dried surface of the beach and the cycle
was repeated (Fig. 1) . The initial area of the
reservoir is divided into individual lagoons
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which allows a sequential filling operation and
the sequence of drainage and embankment raising.
This way of fly ash disposal involves three
difficult and troublesome problems:
- danger for people and property because of
possible failures of ash-slurry lagoons
- necessity to put great areas, often cultivable
land, under storage of industrial by-products
- need for optimal environmental solutions with
regard to water, soil and air pollution.

DESCRIPTION OF TYPICAL ASH LAGOON DEPOSITS
Some typical lagoon ash properties of power
plant near K^dzierzyn will be hereafter presen
ted .
Chemical Composition. - The principal constitu
ents of investigated fly ashes were silica, iron
oxide and alumina. Minor quantities of calcium
oxide, magnesium oxide, sulfur trioxide, unbur
ned carbon and other compounds were also present.
The different fractions of fly ash have slightly
different chemical composition. Thus the amount
of free carbon in sand fraction was 12.0% and
in silt fraction 14.5 %. The low amounts of CaO
(2.7 % to 3.4 %) and S03 (0.26 to 0.44 % ) were
the result of leaching and dilution processes
during hydraulic transport.
Specific Gravity. - The values of specific gra
vity ranged from 2.03 g/cm3 to 2.50 g/cm3.
Grain Size Distribution. - Because of the mi
xing of two types of the ash, namely fly- and
bottom ash, and the considerable separation
which occurs during sedimentation, the lagooned
ash is very heterogeneous. The external grain
size distribution curves shown in Fig. 2 are
typical for the range of investigated lagooned
ashes. It can be seen that the lagooned ash
range in size from silt to gravelly sand, but
generally it is predominantly silt-sized mate
rial. The investigatedlagooned ash indicated the
values of the coefficients of uniformity ranging
from 2.5 to 32.
Dry Density. - Dry density of settled lagoon ash
ranged from 0.6 25 g/cm3 to 0.99 5 g/cm3, decrea
sing with increased distance from the point of
discharge.
The dry density of compacted lagooned ash in
embankments ranged from 0.581 g/cm3 to 1.616 g/cm3,
being generally in the range: 0.80 to 1.00 g/cm3.
The marked variation of the values of dry den
sity achieved in the field depended on the
moisture content of lagoon ash, its grading and
the degree of compaction.
Moisture Content. - The moisture content of the
lagooned ash in-situ varies considerably,in the
range from about 10 % to about 100 %. The moistu
re of the ash in lagoon is reduced by sedimenta
tion and subsequent consolidation as well as by
evaporation.
Compaction Tests. - Standard Proctor tests were
performed on various samples of the lagoon ash
showing maximum dry densities in the very wide
range of values from 0.913 g/cm3to 1.257 g/cm3
and respectively the values of optimum moisture
content from 45% to 28.6%.
The external and the mean dry density - moistu
re content curves are shown in Fig. 3 and ap
propriate grain size distribution curves in
Fig. 2.

P A R T IC L E

SIZ E

M I L L I M ET ER S

Fig. 2 Grain Size Distribution of Lagoon Ash
In general optimum moisture content decreased
with increasing dry density. The results of the
tests demonstrated essential influence of parti
cle size distribution, specific gravity and car
bon content on the compaction characteristics
of investigated lagoon ashes.
For three well graded lagoon ashes shown in
Fig. 2 and Fig. 3, the influence of silt content
also is evident. With the increase of silt
fraction optimum water content is higher, maxi
mum dry density is lower and left-hand side of
the curves is longer and flatter.
In the case of lagoon ash with high silt content
the phenomenon of bulking, i.e. the low density

Fig. 3 Compaction Characteristics of Lagoon Ash
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obtained at low water contents, due to capillary
forces resisting rearrangement of the particles,
is very distinct. For a certain range there is
actually a decrease in dry density with increa
sed water content (Fig. 3).
For tested lagoon ashes grain size analyses be
fore and after compaction tests show that con
siderable particles degradation occurs for al
most all ashes. The increase of particles less
than 0.05 mm ranged from about 5 % to 25 %.
Permeability. - The lagoon ash deposits are
highly stratified. The horizontal permeability
has been evidently larger than the vertical.
The ratio of horizontal to vertical permeability
varied between 1.1 to 6.1 .
The average coefficients of permeability from
the tests on undisturbed samples varied in the
range:
1.34 » 10-i to 2.31 x 1CT1* cm/s .
The coefficients of permeability from the tests
on lagooned ash compacted at maximum dry density
varied mainly in the range:
10"** cm/s

to

The first failure (Fig. 4a) occured in May, 1969
on the side dam of a big reservoir for ash and
fine mine refuse, located in the region of Lower
Silesia coalfields. The initial dam was con
structed from coarse mine refuse and the second-stage dike from compacted ash and fine mine
refuse, covered with a layer of wast rock. The
sudden piping failure developed as a result of
loss of fine material into the pipe drains un
der the increased hydraulic head that developed
when free water pond came close to the upstream
face of the dike. The large amount of a slurry
deposits poured over a distance of about 500 m
covering the valley to a depth of about 1 m.
The second failure (Fig. 4b) occured in October,
1974 in the dike constructed from compacted la
gooned ash of another big lagoon for ash, si
tuated in the region of Upper Silesia coal
fields. The mechanism of piping failure was very
similar to the previous case. In both cases it
was possible to mark pipe-shaped discharge chan
nels in the dikes by means of sounding.

10-5 cm/s
CONTROL OF POLLUTION FROM ASH LAGOONS

AS LAGOONS FAILURES
The serious trouble from piping results from
progressive backward erosion of concentrated
leaks which develops mostly through the dike.
Probably the most common cause of piping failu
res is inadequately compacted or pervious layers
in the embankment. This problem can develop when
the water surface in the pond rises above the
level of the beach so that it is in direct con
tact with the upstream face of the dike, which
often is not homogeneous and exhibits higher
permeability in the horizontal direction. The
resulting concentrated seepage created a piping
problem. Two examples of piping failures of ash
lagoon dikes are shown in Fig. 4.
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An analysis of fly ash leachate showed that
mostly total dissolved solids were about 2 % on
a weight basis. The principal dissolved ions
were calcium, magnesium, pottasium, sodium and
sulphate as well as small amount of microele
ments. The leachate was weakly alkaline.
In order to investigate the pollution of ground
water three ash lagoons of power plants situa
ted in South-West Poland were selected. A total
amount of 84 standpipe piezometers were instal
led on the areas adjacent to ash lagoons for
recording the changes in the groundwater regime
and for taking 4-times a year water samples for
chemical analysis.
A lagoon at K^dzierzyn. - The lagoon complex
covering an area of approx. 60 ha, is located
in the valley of Bialy Stream (Fig. 5) . It is
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Ash Lagoon Piping Failure

Fig. 5

Site Plan and Cross-Section
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underlain by post glacial sands and gravels of
about 15 to 25 m in thickness, directly overly
ing Tertiary clays. The groundwater table ranges
from 0.5 m to 5 m below ground level. Since June
1978 till May, 1980 9 times water samples for
chemical analysis were taken from 24 points.
The slight influence of ash lagoon on the ground
water was observed in the narrow zone of the
width of about 100 m, adjacent to the initial
dam, only in the period when the particular la
goon located in the vicinity was filled. In that
zone
p H =8.2 , total hardness 11.92 mval/dm3,
548.0 mg SOi,/dm3 and 452.3 mg Cl/dm3 as the
highest groundwater pollution were determined.
After cessation of ash lagoon filling the pollu
tion of groundwater very soon considerably de
creased. The high concentration of sulphate and
chlorides came from the contamination of waste
water of power plant used for fly ash hydraulic
transport. It was testified by the analysis of
ponded water in which p H =9.5 , total hardness
15.12 mval/dm3, 689.3 mg SO^/dm3 and 480 mg
Cl/dm3 were stated.
Ash lagoon at Zdzieszowice. - This object is lo
cated in one of the seven abandoned gravel pits,
situated on the upper terrace of the Odra - River
valley. The pit is about 8 m deep and as other
filled with water. The upper part of the area
form fluvioglacial deposits: sands and gravels,
underlain by the Tertiary clays (Fig. 6).
In the 5 years of exploitation of the pit Nr 2
as ash lagoon, since August 1976 till May, 1980
16-times water samples were taken from 2 7 points.
The influence of seepage water from ash lagoon
on groundwater was observed only in the narrow
strip of land, separating ash lagoon from the
pond Nr 3, in which p H =7.4 , total hardness
16.0 , 495.0 mg SO^/dm3 and 980 mg Cl/dm3 as the
highest pollution were recorded. The discharged
ash slurry had p H =11.6 , total hardness
14.5 mval/dm3, 475 mg SO^/dm3 and 890 mg Cl/dm3.
The main source of sulphates and chlorides was
the primary contamination of industrial water
used for hydraulic transport of fly ashes.
Ash lagoon at Gardawice. - The new ash lagoon
covering an area of about 110 ha, is in use from
July, 1978. It is located on the plane natural
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water-shed, underlain by the layers of low per
meability of organic silts and silty clays
(Fig. 7). For fly ash hydraulic transport coal
mine waste water with high concentration of salts
is used. The ponded water had p H =11.8 , total
hardness 23.84 mval/dm3, 1512 mg SO^/dm3 and
590 mg Cl/dm3. Since July, 1978 till April, 1980
8-times water samples from 33 points were taken.
No influence of ash lagoon seepage water on the
quality of groundwater in the area adjacent to
reservoir until April 1980 was observed.

CONCLUSIONS
Despite of the fact that the physical and engi
neering properties of lagooned ash are quite
variable, it is a good material for building
retaining embankments of ash lagoons. The low
permeability of compacted lagooned ash diminish
the probability of extensive water percolation
and the consequent possibility of soluble mate
rial being leached out of the embankments.
Among the types of failure most common to ash
lagoon deposits is piping. The ash lagoons with
the decant pond immediately behind the dike are
much more susceptible to piping failure than
these in which the decant pond is situated as
far as possible from the retaining dike.
The fly ash may be subjected to leaching by the
operational water during the hydraulic transport.
In most cases the leachate is weakly alkaline
and indicates high total hardness. For hydraulic
removal of ash from power stations very often
waste industrial water, with high concentration
of sulphates and chlorides, is used. In most
cases the pollution of ground- and surface water
in land adjacent to ash lagoons is caused by the
primary contamination of industrial waste water
used for hydraulic transport.

